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Introduction
The acetylacetone is the simplest of the β-diketones. The presence of β-carbonyl groups with at least one proton on the intermediate carbon atom, allows a tautomeric equilibrium of the keto and enol forms. The acetylacetone is an intermediate product of organic synthesis reaction, which can be used as annexing agent in gasoline, lubricant and desiccant in paint [1] [2] [3] . Also it has been found to possess fungicidal and insecticidal activities [4, 5] . Complexes of metal ions with acetylacetone have been the subjects of a wide variety of physical researches for many years. In recent years, the study on metal coordination of β-diketonate and its derivatives has attracted great interest, because metal complexes of bidiketonate derivatives can be good precursors in metalorganic chemical vapour deposition (MOCVD) for growing high Tc superconducting films [6, 7] . The transition metal β-diketone compounds were used extensively as starting materials in the early days of metallocene chemistry [8, 9] , and as electroluminescent materials [10] .
Bis(acetylacetonate)cobalt(II) and its derivatives were recently proposed as mediators in controlled radical polymerization (CRP) of olefins [11] . Here in, we report the synthesis and investigation of bis(acetylacetonato) metal(II) complexes with the caffeine ligand [M(acac) 2 (caf) n ]; n=1 of M= Zn 2+ , and n=2 of M= Cu 2+ , Ni 2+ , Mn +2 , Co 2+ ; acac= acetylacetonato; caf= caffeine.
The β-diketones bear two carbonyl groups that are separated by one carbon atom. This carbon atom is the αcarbon which has a quite acidic α-hydrogen, and can be converted essentially completely to enolate anions with bases as mild as hydroxide ion [12] . C 2υ (keto form) C s (enol form)
Experimental Materials and Methods
All chemicals were obtained from commercial sources and were used without purifications: Infrared spectra were recorded as KBr pellets on a JASCO FT-IR 660 plus spectrophotometer in the range of 4000-400 cm -1 at 298 K while the electronic spectra (UV-Visible) were obtained on a Shimadzu UV-1800 Spectrophotometer. The EPR spectrum was recorded on a conventional X band Bruker ER 200D spectrometer operating at 9.5 GHz. Conductivity measurements were performed at 25°C in DMSO using Hach HQ430d flexi.
Synthesis of the aquo acetylacetonato complexes [M(acac)2(H 2 O)n]; n=1 of M= Zn 2+ , and n=2 of M= Cu 2+ , Ni 2+ , Mn +2 , Co 2+
The aquo acetylacetonato complexes of divalent metals Zn(II), Cu(II), Ni(II), Mn(II) and Co(II) were synthesized by using the method reported by Harold Golf [13] , Bennet [14] and Housecroft [15] .
Synthesis of the caffeine acetylacetonato complexes [M(acac)2(caf)n]; n=1 of M= Zn 2+ , and n=2 of M= Cu 2+ , Ni 2+ , Mn +2 , Co 2+
To a solution of [M(acac) 2 (H 2 O) n ]; n=1 of M= Zn 2+ , and n=2 of M= Cu 2+ , Ni 2+ , Mn +2 , Co 2+ (1 mmol ) in boiling ethanol, was added a solution of caffeine (2 mmol) in ethanol. The obtained solution was refluxed for 4 h, after which the solution is concentrated, filtered and washed with small portions of hot water and finally air dired.
Results and Discussion

Characterization of the complexes [M(acac)2(H 2 O)n] and [M(acac)2(caf)n]; n=1 of M= Zn 2+ , and n=2 of M= Cu 2+ , Ni 2+ , Mn +2 , Co 2+ ; acac= acetylacetonato; caf= caffeine
All synthesized complexes are intensively coloured and solids. The solubility of these compounds in water at 25°C was found to be in the range of 10 -2 -10 -3 mol l -1 . Molar conductance values of the complexes in distilled water (10 -3 M solution at 25 • C) were (14.85-22.20 ) Ω -1 cm 2 mol -1 , indicating, their non-electrolytic nature ( Table 1) . 
Infrared spectroscopy of acetylacetonato ligand and its complexes [M(acac)2(H 2 O)n]; n=1 of M= Zn 2+ , and n=2 of M= Cu 2+ , Ni 2+ , Mn +2 , Co 2+ ; acac= acetylacetonato
Selection infrared bands of acetylacetonato ligand and its complexes as well as assignments [12] of their frequencies are presented in Table 2 . The infrared spectrum of [Zn(acac) 2 (H 2 O) 2 ] is given in Figure 1 . They are thirty nine vibrational modes of acetylacetonato ligand to its internal vibrations in Cs group symmetry [16, 17] . The infrared spectrum of the acetylacetonato ligand shows band at 3005 cm -1 which can be attributed to the stretching mode of the methyne group ν(CH) of the enolic form.
The band at 2960 cm -1 is assigned to the asymmetric mode of the methylene νa(CH 2 ) of the keto form. The band at 2924 cm -1 corresponding of the enolic and ketonic forms is attributed to the mode of the methyl [18] .
In the region C=O and C=C, there are four bands stretching modes of keto and enol forms. The doublet observed at 1729 cm -1 and 1710 cm -1 is attributed to two carbonyl groups in the keto form. However, a broad band at 1621 cm -1 is attributed to the carbonyl group of the enol form [19] The band at 1431 cm -1 can be attributed to the out of plane bending (twisting) δCH 3 for the keto form or the wagging ω(CH 3 ) for the enol form. The band at 1361 cm -1 is attributed to the wagging ω(CH 3 ) methyl group of enolic and ketonic forms. The vibrational band at 1303 cm -1 is referred to the wagging ω(CH 2 ) and twisting δ(CH 2 ) of the methylene group [12] .
The vibration mode at 1171 cm -1 is referred to the in plane bending of the methyne group δ(CH) for the enol form and the stretching mode of the ν(C-CH 3 ) for the keto form.
The vibrational modes at 1001 cm -1 can be attributed to the roking of the methylene ρ(CH 2 ) for the ketonic form and is assigned to the wagging ω(CH) for the enolic form [12] .
For the enolic form, this band is due to δ(OH) in plane bending. The band at 780 cm -1 can be assigned to γ(OH) and ν(C-CH 3 ) for the enolic and/or keto forms [20] .
Upon coordination, the enol form was stabilized by chelatation to metal divalent and formation of [M(acac) 2 (H 2 O) n ]; n=1 of M= Zn 2+ , and n=2 of M= Cu 2+ , Ni 2+ , Mn +2 , Co 2+ . Their infrared spectra show the strong bands in the (1635-1655) cm -1 , (1516-1605) cm -1 and (1456-1460) cm -1 ranges which are assigned to the stretching vibrations υ(C=O), υ(C=C), τ(CH 3 ) respectively.
The bands observed in (1350-1354) cm -1 and (1255-1275) cm -1 are due to the asymmetrical and symmetrical stretching vibrations of υas(C=C=C) and υs(C=C=C) respectively [12] .
The bending δ(CH) and the wagging ω(CH) bands were observed in the (1190-1200) cm -1 and (1017-1020) cm -1 ranges respectively.
The chelation of the acetylacetonato ligand to divalent metals is shifted in the infrared spectra to lower frequencies.
New bands in (425-450) cm -1 range are attributed to υ(M-O) stretching vibrations [21] 
Infrared spectroscopy of the complexes [M(acac) 2 (caf) n ]; n=1 of M= Zn 2+ , and n=2 of M= Cu 2+ , Ni 2+ , Mn +2 , Co 2+ ; acac= acetylacetonato; caf= caffeine
The infrared spectrum of [M(acac) 2 (caf) 2 ] is given in Figure 2 . The absorption bands observed in the infrared spectra of the different complexes studied as solid in KBr are given in Table 3 .
Figure 2 Infrared spectrum of the caffeine acetylacetonato complex [Zn(acac) 2 (caf) 2 ] 2 in KBr
The characteristic frequencies of the free acetylacetonato, caffeine ligand and their complexes were readily assigned based on comparaison with the littérature [12, 22] .
Upon substitution of the water coordination by caffeine ligand, the infrared spectra of studied complexes show that the stretching vibrations υ(C=O) and υ(C=C) of the acetylacetonato ligand were shifted to lower frequencies. These vibrations occurred as multiple bands in (1600-1698) cm -1 range for the caffeine ligand and in (1510-1620) cm -1 range for the acetylacetonato ligand [23] .
The carbonyl group in the the caffeine acetylacetonato complexes exhibit a strong absorption band in the (1694-1700) cm -1 range due to υ(CO) asymmetric. Another strong band in the (1656-1659) cm -1 range belong to υ(CO) symmetric and υ(C=N) is shifted to lower frequencies, compared with the free caffeine, indicating coordination of the caffeine through the azomethine nitrogen atom (N9) [24] . In addition, the band at 1550 cm -1 is assigned to (δHCN+ υring imid +υring pyrimi) which is shifted to lower frequencies compared with the free caffeine. 
The bands in (1356-1360) cm -1 and (1256-1273) cm -1 ranges due to υas(C=C=C) and υs(C=C=C) respectively are shifted to lower frequencies. Therefore, the bands in (1455-1464) cm -1 , (1190-1200) cm -1 and (1020-1022) cm -1 ranges were assigned to τ(CH 3 ), δ(CH) and ω(CH) respectively [12] .
New bands in (510-576) cm -1 and (422-448) cm -1 ranges are attributed to υ(M-N) and υ(M-O) respectively, indicating that the caffeine and acetylacetonato ligands coordinated to metals [25, 26] .
The similarity among infrared spectra of the complexes [M(acac) 2 (H 2 O) n ] and [M(acac) 2 (caf) n ]; n=0,1,2; M= Zn 2+ , Cu 2+ , Ni 2+ , Mn 2+ , Co 2+; acac= acetylacetonato; caf= caffeine might imply that all complexes are the same and the only differences are due to presence of different counter ions. The UV-Visible data of the acetylacetonato and caffeine ligands [12, 27] were compared with those of the complexes. The electronic spectra of the acetylacetonato and caffeine ligands [12, 27] show the absorption bands in the UV region can be expressed as π→π* and n→π* transitions. Upon coordination, the absorption bands attributed to π − π * and n→π* transitions were found to be shifted to higher wavelength compared with acetylacetonato and caffeine ligands [28] [29] [30] .
Therefore, new bands at longer wavelength observed in (310-354) nm range may be assigned to d-d transitions. All absorptions were fully assigned in Table 4 5 and 6 respectively. All spectra of the copper, nickel and cobalt aquo/caffeine acetylacetonato complexes at room temperature show one intense absorption band in the high field and is isotropic due to the tumbling motion of the molecules. The calculated g i values were found to be in (2.114-2.117) range ( Table 5) , which are compared to that of free electron (g = 2.0023). These values suggest an appreciable covalency of metal ligand bonding characteristic of octahedral stereochemistry [31, 32] . 
Conclusion
In this work, the synthesized complexes were characterized by molar conductance, infrared, UV-Visible and EPR spectroscopy. The results suggested the octahedral symmetry for the all complexes. Then, we can conclude that the aquo acetylacetonato complexes and the caffeine acetylacetonato complexes were found to have the general formulae [M(acac) 2 (H 2 O) n ] and [M(acac) 2 (caf) n ]; n=1 of M= Zn 2+ , and n=2 of M= Cu 2+ , Ni 2+ , Mn+2, Co 2+ respectively.
